Chromium exists in environment both as trivalent [Cr(III)] and hexavalent [Cr(VI)] forms. However, hexavalent form is five hundred times more toxic than the trivalent form. Heterogeneous photocatalysis processes, using aqueous suspensions of semiconductors, have received considerable attention in the removal of toxic metals from aqueous media. In this work the nanoparticles of TiO 2 -P25 in the form of slurry were used for photoreduction of Cr(VI) to the less harmful Cr(III). The process has been conducted in different operational conditions such as different initial concentrations of Cr(VI), dosage of photocatalyst, irradiation times, irradiation intensities of light and pH. For the optimization of the process Taguchi experimental design was used. The results of optimization using the Taguchi method, indicated that the pH with 28%, initial concentration of Cr(VI) with 26.99% and dosage of TiO 2 nanocatalyst with 20.53% have the most effects among the selected factors. The intensity of UV light irradiation has the least effect on the efficiency of the process.
INTRODUCTION
Cr(VI) have extremely different environmental and chemical properties 6, 7 . Cr(VI) is toxic for human beings, animals, plants and microorganisms 8 . Hexavalent state is 500 times more toxic than trivalent state and the toxic effects of Cr(VI) on human beings include skin irritation, lung cancer, and harmful effects on kidneys, liver and gastric 9 . Cr(VI) can be removed from aqueous waste by a variety of techniques, such as chemical precipitation, reverse osmosis 8 , ion exchange, foam floatation, electrolysis and adsorption. Most of these methods require high amount of energy or a large amount of chemical substances; therefore, the process of photocatalysis is more effective than the other techniques in this regard 5, 10 . In aqueous solutions, the most important chemical species of Cr(VI) in terms of the total concentration and pH are: HCrO 4 -, CrO 4 2-and Cr 2 O 7 2-11 . TiO 2 has proved to be a promising photocatalyst because of its high photocatalytic activity, non-toxic nature, good stability, and low-cost fabrication 12 . Photocatalytic method is based on the reactive properties of the electron-hole pairs generated in the semiconductor particles under illumination by light whose energy is greater than the semiconductor band gap 5, 13 . These charge carriers can reach the surface of the particles and react with the species in solutions with suitable redox potential 1, 14 . The degree of the effect that each influential factor has on the characteristics of the output can be expressed in the form of an equation by an experimental design. The goals of experimental design in this study include reducing the number of experiments, lowering costs and determining the variables with the most effect on response 18, 19 . The removal of unnecessary factors, calculating the percentage of importance of each variable, determining the extent of error and determining the optimum conditions are among other goals of the experimental design. The Taguchi method was developed by Genichi Taguchi between 1950 and 1960 to improve the implementation of total quality control in Japan 20 . Taguchi used orthogonal arrays to reduce the number of the experiments considerably 21 . These arrays are selected out of the total number of experiments with special features. In the present study, the removal of Cr(VI) was done using UV/TiO 2 process, and to optimization the mentioned process and determine the share of each parameter, Taguchi's experimental design was utilized.
MATERIAL AND METHODS

Materials
Potassium dichromate, nitric acid and sodium hydroxide were purchased from Merck (Germany). TiO 2 -P25 was Degussa and it constitutes approximately 80% anatase and 20% rutile. It had a BET surface area of 50 ± 15 m 2 g -1 and an average particle diameter of 21 nm, containing 99.5% TiO 2 .
The TEM image of the TiO 2 -P25 nanoparticles has been show in Fig. 1 . TEM image evidenced a wide heterogeneity in the size of the titania particles, ranging from ca. 10 to 50 nm.
Photoreactor and procedure
In this work, slurry nanoparticles of TiO 2 -P25 was utilized. First, a suspension of TiO 2 -P25 nanoparticles the pH (HANNA pH 211, Romania) of which had been regulated was put under ultrasonic waves (Elma T460/H) in order to increase the dispersion of TiO 2 in water. Then, the obtained suspension was put inside a quartz tubular photoreactor equipped with a UV lamp (15 W, UV-C,  max = 254 nm, manufactured by Philips, Holland) vertically placed in front of the reactor. Following this, the suspension was transferred into the reactor. The reaction cell was bubbled with O 2 at a flow rate of 0.5 mL min -1 in the darkness for 15 min before irradiation. At given irradiation time intervals, the samples (5 mL) were taken out, centrifuged (Hettich EBA) and then Cr(VI) concentration was analyzed by UV-Vis spectrophotometer (Pharmacia Biotech, Ultrospec 2000) at  max = 350 nm (Chakrabarti et al. 2009 ).
Taguchi method
Taguchi's method is a combination of statistical and mathematical techniques in experimental studies which is used in the design and analysis of experiments 22, 23 . The most important Taguchi design is fractional factorial design which is used for estimating the effects of many factors with two or more levels on the response using orthogonal array 24, 25 . The analysis of the experimental data using ANOVA estimate the effect of the factors on the characteristics properties 19 .
RESULTS AND DISCUSSION
In order to obtain maximum information for optimization of Cr(VI) photocatalytic removal using TiO 2 -P25 nanoparticles, Taguchi's experimental design was used. In this method, the features of orthogonal arrays were used to obtain the number of experiments needed. In this part, five variables, including initial concentration of Cr(VI), the dosage of TiO 2 catalyst, light irradiation time, the intensity of UV irradiation and the solution pH were considered as main factors affecting upon photocatalytic activity. Five variables change at two levels. The factors and levels used in this work are initial concentration of Cr(VI) ( ) and pH (2 and 4). If factorial design is used, for 2 5 experiments, a total of 32 experiments are needed. It is clear that full factorial design needs more experiments. Therefore, in this method, with 3 repetitions of the 8 experiments, we will have a total of 24 experiments that will help us understand the extent of the effect of the mentioned parameters. By considering the five factors in 2 levels of change ), the time of light irradiation is level 2 (30 min), the intensity of UV irradiation is level 2 (33.26 W m -2 ) and the solution pH is level 1 (2) . Because, in this study, the performance statistics of ''the bigger -the better'' was used to define the optimum conditions. In Taguchi's method, analysis of variance (ANOVA) was used for determining the effect of each input parameters and the share of each factor. The results of ANOVA are reported in Table 2 . As shown in this table, solution pH with 28%, initial concentration of Cr(VI) with 26.99% and dosage of TiO 2 nanocatalyst with 20.53% have the most effects among the selected factors. The light irradiation time with 9.284% has the fourth rank in affecting the efficiency of Cr(VI) photocatalytic removal, and the intensity of UV light irradiation has the least effect on the efficiency of the process.
CONCLUSTIONS
Taguchi's designing method with L 8 array was used for determining the share of each operational parameter for Cr(VI) photocatalytic removal using TiO 2 nanoparticles. The Taguchi's experimental design methodology shows that among the effective parameters on Cr(VI) photocatalytic removal efficiency, the greater effect is related to pH. The results revealed that the optimal conditions for the photocatalytic removal of Cr(VI) are initial concentration of Cr(VI) at level 1 (20 mg L and solution pH at level 1 (2) . This indicates that Taguchi's experimental design is a fast, reliable and efficient way of determining the optimum conditions of the process.
